TABLE 1

Composition of diets (%)
Whole milk powder1 High-protein cereal2 Vitamins3 Trace minerals* 94 6
Elemental Fe added at 100 mg/100 g from the following sources: ner in which it is incorporated into the diet, the six forms of supplemental Fe were in corporated into the high protein cereal2 during processing. Analysis of the diets re vealed the following amounts of Fe (diets 1-7, mg Fe/kg): 8, 68, 66, 66, 64, 64 and 69. Of the total Fe in diets 2-7, it is esti mated that approximately 12% was natu rally occurring whereas 88% was added in processing. The Fe content of these diets was intended to be slightly less than the 80 mg/kg level estimated by the National Research Council (3) to meet the Fe re quirement of the baby pig.
The pigs were maintained individually in stainless steel cages measuring 75 X 90 X 70 cm, each equipped with a rubbercovered electric heating pad, feeder and waterer.
Samples of blood were taken from the tail at 0, 7, 14, 21, 24 and 28 days of study. On day 14 of the experiment each pig was given a 10 /xCi intraperitoneal injection of B9Fe (FeCl3; 5.13 mCi/mg Fe) in 2 ml of 0.9% NaCl. After a 12-hour fast on day 29 of the study a blood sample was obtained from the anterior vena cava and the pigs were then exsanguinated. The liver, spleen, kidneys, heart, adrenals, thyroid and samples of psoas muscle and intestinal mucosa were weighed and frozen for fur ther analysis.
Hemoglobin (Hb) was measured by the cyanmethemoglobin method 3 and hematocrits were determined after centrifugation of blood in heparinized capillary tubes. Automated methods were used for deter mining serum concentrations of Fe, choles terol and total protein. 4 Atomic absorption spectrophotometry was employed for deter mining concentrations of Fe in the diets and in tissue.5 Serum concentrations of tri glycÃ©ridewere determined according to the procedure of Lofland (4 ) . Separation of serum proteins into their fractions was carried out by electrophoresis on cellulose acetate as described previously (5) . Activ ity of B9Fe in blood and tissue was deter mined with a gamma well counter. 6 The data were analyzed as a two-way analysis of variance for sex and diet effects as outlined by Snedecor (6) . Because sta tistically significant sex-related differences were not noted in any of the parameters 3Supplied by Dr. George A. Purvis, Gerber Products Co., Fremont, Mich.
3Hycel Cyanmethemoglobin Kit, Hycel, Inc., P. 0. Box 36329, Houston, Tex.
*Technicon Instruments Corp., Tarrytown, N. T., AutoAnalyzer Model QB. These methods are described in detail In the Technicon Handbook as follows : Fe, N-62p ; cholesterol, N-24a ; and total protein, N-14b. The amount of Fe included in diets 3, 4 and 5 was not sufficient to maintain initial levels of Hb or hematocrit. Final concentra tions of Hb in blood of pigs fed no added Fe ( diet 1 ) did not differ significantly from those of pigs fed diets 3 and 5; however, the final hematocrit of pigs fed diet 1 was significantly less than that of any other treatment group.
Since there was a maximum range of 1.0 g in initial concentrations of Hb and a range of 3.0 in initial hematocrit between some of the treatment groups, it seems relevant to express final Hb concentration and hematocrit in terms of change from initial levels. There was no significant difference in change in Hb concentration or hematocrit between the pigs fed the noadded-Fe diet and those fed diets 3 and 5. No significant changes in Hb concentra- tion or hematocrit were observed between pigs fed diets 2, 4, 6 or 7.
On the basis of the assumptions that blood volume of swine ( % of body weight ) is 9.5 W-Â°-068 (8) , where body weight (W) is expressed in kg, and that Hb contains 3.35 mg Fe/g (9) , it is possible to calculate total Hb Fe and to estimate the percentage of dietary Fe incorporated into Hb. After 28 days of feeding, quantities of total Hb Fe were significantly greater in pigs fed diets 2, 6 and 7 than in pigs fed diets 1, 3 and 5. Total Hb Fe of pigs fed diet 4 for 28 days did not differ significantly from that of pigs fed diets 2, 6 and 7 for a similar period of time. The same statistically sig nificant treatment effects were noted when expressed in terms of the change in total Hb Fe.
Percentage utilization of dietary Fe for formation of Hb can be calculated by di viding the difference in initial and final total Hb Fe by the total weight of Fe con sumed during the feeding study (table 2) There were no significant treatment ef fects on Fe content (/*g/g) of liver, spleen, heart or kidneys. The Fe content of psoas muscle of pigs fed diet 7 was significantly greater than that of pigs fed diets 3 or 5. Fe content of intestinal mucosa of pigs fed diet 6 was significantly greater than that of pigs fed diets 1, 4 and 5. No significant differences in Fe content of underlying tissue were noted.
5'JFe metabolism. 69Fe activity in blood was determined at 3, 7, 10 and 14 days after injection and that in tissues at 14 days after injection. As shown in table 6, cpm/ml of blood and the specific activity of 59Fe/mg Hb Fe decreased between days 3 and 14 after injection; however, the per centage of the dose of 69Fe present in the total blood volume increased during this period.
An inverse relationship was noted be tween 59Fe concentration (cpm/g) in liver, spleen, kidneys and heart and Fe status as measured by Hb and hematocrit. Values for cpm/^ig Fe in these organs generally were proportional to cpm/g tissue. cpm/g tissue than those of pigs fed diets 2, 6 or 7. Although not statistically sig nificant, a similar trend was noted when 59Fe content was calculated on the basis of cpm/yug Fe.
Pigs fed the no-added-Fe diet retained less of the 59Fe in Hb and organs (liver, spleen, heart, kidneys) than did pigs fed any of the other diets. The percentage of the 59Fe dose appearing in blood was sig nificantly less and the percentage in tissues significantly greater in pigs fed diet 1 than in those fed any of the other diets. (10) until day 35 of a 60-day feeding study. In the present study the effect of Fe deficiency anemia on growth perform ance was statistically significant by week 4 of the study. At that time gain in body weight was highly correlated ( P < 0.01 ) with concentration of Hb ( fig. 1) .
Electrolytic iron powder (diet 4) and sodium Fe pyrophosphate (diet 5), two of three Fe preparations found to be least available in the present study, are those currently used to supplement commercially prepared infant cereals in the United States. The Fe status of pigs fed the diet supplemented with sodium Fe pyrophosby on December 3, 2008 jn.nutrition.org Downloaded from phate (diet 5) did not differ statistically from that of pigs receiving the no-addedFe diet ( diet 1 ) in most of the parameters studied. Response of pigs fed the diet sup plemented with catalytically reduced Fe ( diet 3 ) was similar to that of pigs fed the diet to which sodium Fe pyrophosphate was added. Electrolytic Fe powder (diet 4), having a smaller particle size than the catalytically reduced Fe was the most available of the sources of Fe used com mercially, supporting the findings of Shah and Belonje ( 11 ) that bioavailability of Fe powder is dependent upon particle size.
(One manufacturer recently discontinued use of the reduced Fe source added to diet 3.)
Unfortunately, the most available forms of Fe are also the forms most likely to pro mote rancidity of cereals. Ferrous sulfate, a highly available Fe source against which other sources of Fe are commonly com pared, is notorious in this regard. The ferripolyphosphate powder described by Jones et al. (12) was found to be a readily available source of Fe in the diet fed to miniature pigs, but apparently also pos sesses the undesirable property of promot ing rancidity in cereal products.7 The Fe EDTA complex is stable in this regard and because of its high availability deserves further study as a potential source of Fe in infant cereals.
The finding that 10% of the added so dium Fe pyrophosphate and catalytically reduced Fe was incorporated into Hb is identical to the incorporation reported by Anderson et al. (13) in a study of anemic rats fed cereal-milk diets supplemented with these identical forms (same lot num bers) of iron. Incorporation of the three most available forms of Fe (diets 2, 6 and 7) into Hb ranged from 27 to 30%, values considerably lower than the 65% figure observed for ferrous sulfate in anemic rats (13) .
Fritz et al. ( 14) reported that six samples of reduced Fe fed to anemic rats and chicks demonstrated 8 to 66% (average 37% ) of the biological value of ferrous sul fateâ€"the average value approximating that of 33% for the particular form of catalyti cally reduced Fe added to diet 3. The average relative biological value of three samples of sodium Fe pyrophosphate evalu ated by Fritz et al. (14) was 14% (range 2 to 23%), considerably less than the 33% calculated for the sample of sodium Fe pyrophosphate added to diet 5. The rela tive biological value of 70% calculated for the sample of electrolytic Fe powder added to diet 4 is somewhat higher than the 46 to 51% range reported by Pia and Fritz ( 15 ) for two samples of electrolytic Fe.
It is difficult to compare the bioavaila bility of a particular form of Fe reported in various studies because of the known variables associated with Fe absorption. For example, interpretation of the results of an evaluation of the bioavailability of "reduced iron" would depend upon the particle size of the source of iron8 (11), source of dietary carbohydrate9-10 ( 16 ) or fat10, the species of animal studied ( 14, 17) and, presumably, various aspects of experimental design (e.g., prevention of anemia versus repletion). Ashworth and March (18) urge caution in comparing results of animal experiments with studies of Fe availability measured directly in in fants.
Elevations in the concentration of tri glycÃ©rides have been reported in the serum of anemic rats (19, 20) and chicks (20) . This effect was not noted in the anemic pigs although the severity of anemia was less in the pigs fed diet 1 than in the rats or chicks.
Amine and Hegsted (20) observed sig nificant elevations in the concentrations of total protein, albumin and globulins in plasma of anemic chicks. Concentrations of albumin were significantly less and con centrations of globulins significantly greater in serum of pigs fed diet 1 than in serum of pigs fed diets 2,6 or 7. The inverse relationship between organ weight (heart, spleen) and iron status has been observed by Matrone et al. (10) to occur in the hearts of anemic pigs and by Koivistoinen et al. (21) and AhlstrÃ ¶m et al. (22) to occur in both heart and spleen of anemic rats. In these studies liver weight accounted for a lesser percentage of body weight in anemic than in nonanemic ani mals. Matrone et al. (10) reported that more of an intraperitoneal injection of 59Fe was found in the tissues of anemic pigs than in those of animals with improved Fe status.
In the present study young miniature pigs absorbed modest amounts of sodium Fe pyrophosphate or catalytically reduced Fe from a cereal-milk diet. Whether the quantity of Fe absorbed by infants from infant cereals fortified with sodium Fe pyrophosphate or electrolytic Fe powder is sufficient to prevent Fe deficiency is un known.
A recent directive by the Food and Drug Administration (23) limits Fe fortification of infant cereals to 45% of the 15 mg/day infant U. S. RDA ("recommended daily al lowance") for Fe (0.45x15 mg = 6.75 mg) per 14 g (0.5 oz) serving unless the product is labeled as a dietary supplement. Therefore, the extent of fortification in the future will be restricted to 45 mg/100 gâ€" less than one-half the level of Fe currently added to cereals produced by the major U. S. manufacturer of cereals for infants (24) .
Because the electrolytic Fe powder with relatively small particle size (table 1) was utilized approximately twice as well as the catalytically reduced Fe or the sodium iron pyrophosphate, the electrolytic Fe powder is preferable for fortification of infant cereals. The hypothesis that infant cereals fortified with sodium Fe pyrophosphate or elemental Fe can be useful in preventing Fe deficiency in human infants needs to be tested in well-controlled clinical inves tigations.
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